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I n  recent years certain alloys of molybdenum, 
cobalt, and chromium have assumed commercial im- 
portance. Stellite, which makes remarkable cutting 
tools, has been found by the  French government1 t o  
have twice the cutting power of the  hardest carbon 
steel. I n  a study of this alloy no difficulty was found 
in preparing metal somewhat similar t o  stellite, bu t  
trouble was experienced in making the  analysis. 
According t o  Peele,z stellite consists of I O  t o  2 j  per 
cent chromium, 7 5  to  90  per cent cobalt, with traces of 
molybdenum and tungsten. J ~ h n s o n , ~  however, gives 
its composition as:  cobalt 60.80 per cent, molybdenum 
24.10 per cent, chromium 13.20 per cent, with small 
amounts of iron, manganese, silicon, and phosphorus. 
Since the  alloy is said t o  be prepared in the carbon arc  
furnace, a complete analysis should include a deter- 
mination of carbon. 
The alloys t o  be analyzed were prepared on a small 
scale by the aluminothermic reduction of the oxides, 
using for preliminary trials 41.39 g. Coz04, 18.07 g. 
Mooz, and 9.7 g. Crz03, mixed with 22.6 g. aluminium, 
and about I O  g. calcium fluoride t o  slow up the  reaction. 
I t  was afterward shown t h a t  these first samples were 
not very similar in composition t o  stellite, as claimed 
by either Peele or Johnson. Attempts were made t o  
analyze this alloy by the  method given by Johnson. 
The  following table shows t h a t  incomplete separations 
were made on two different samples, some of the  molyb- 
denum separating with the  cobalt and some of the  
cobalt with the molybdenum, making the  total  per- 
centage considerably over 100. 
SAMPLE I SAMPLE I1 < ELEMENT 
Cobalt. ,  . . . . . . . . . . . . . . . . . . .  87.70 81.84 
Molybdenum. . . . . . . . . . . . .  29.56 51.40 
Chromium.. . . . . . . . . . . . . . . .  0 . 8 2  0 . 0 3  
TOTAL. . . . . . . . . . . . . .  1 18.08 133,27 
__ ___ 
I n  view of this difficulty the  various methods of 
precipitation and determination of these metals were 
tried out. The following table shows some of the  
results obtained on Sample I: 
COBALT MOLYBDENUM CHROMIUM 
METHOD Per cent Per cent Per cent 
~~ 
Johnson’. . . . . . . . . .  8 7 . 7  
Scott2 . . . . . . . . . . . . . . .  
Smith3.. . . . . . . . . . .  81.06 
29.56 0 . 8 2  
23.95 . .  
21.69 . .  
1 L O C  C $ t  
2 Standard Methods of Chemical Analysis.” D Van Nostrand Co , 
3 
N Y ,,,l917. 
Electro-An~lysis.” Blakrston & Sons, Phlladelphia, 1911. 
Trials of other methods, such as the  determination of 
cobalt by the potassium cobaltinitrate method and 
the titration of molybdenum with lead acetate using 
tannic acid as an  indicator,‘ mere not attended with 
success. 
The best results were obtained b y  the following 
method: Place the  sample in a zoo cc. Erlenmeyer 
1 Iron Age,  May 10, 1917. 
2 “Mining Engineers’ Handbook,” John Wlley & Sons, Inc , N Y , 1918. 
8 “Rapid Methods for Chemical Analysis of Special Steels,” John 
4 Mining Scz Press, 1916, 113.  
I 
h’r  
Wiley & Sons, Inc , N Y., 1914. 
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flask and add a few cc. each of concentrated hydro- 
chloric and nitric acids. (The weight of sample taken 
depends on the  composition of the  alloy. Both t h e  
peroxide and sulfide separations work best when t h e  
quantities of metal are small.) Heat gently or allow 
to  s tand over night until t h e  alloy is all dissolved, cool, 
add 3 cc. concentrated HzS04, and evaporate, until 
white fumes just begin to  appear, t o  remove the  excess 
of aqua regia. Cool, dilute t o  IOO cc. ,  and transfer t o  
a small pressure bottle. The  solution is of the  proper 
acidity for the  preparation of molybdenum. Pass 
hydrogen sulfide into the  solution for 5 t o  IO min. 
t o  thoroughly saturate,  close the bottle and place i t  
in boiling water. After boiling for one hour, allow 
t o  cool and let the  precipitate settle. Filter, wash with 
cold water until the  washings show no acidity t o  litmus, 
and again saturate t h e  filtrate with hydrogen sulfide 
and boil t o  insure complete separation of the  molyb- 
denum. I t  is usually advisable t o  redissolve and re- 
precipitate the  MoSz in order t o  make the  separation 
complete. Ignite the  precipitate of MoSz a t  a dull red 
heat in the muffle for 2 hrs. and weigh as Moo3 .  
Boil the  filtrate t o  remove hydrogen sulfide, cool, 
and add sodium peroxide t o  precipitate completely t h e  
cobalt, as C O ( O H ) ~ .  Boil, filter, and wash with 
dilute hydrogen peroxide until the  precipitate is free as  
possible of sodium hydroxide. In  most cases it is 
necessary t o  redissolve the  precipitate in I : I  hydro- 
chloric acid and peroxide again t o  insure a complete 
separation. Ash the  black cobaltic hydroxide, and 
weigh as C0304. 
Acidify the  filtrate from the peroxide treatment with 
sulfuric acid, and boil t o  free the solution from hydro- 
gen peroxide. Titrate t h e  chromates in the  solution 
with ferrous ammonium sulfate solution, using either 
electromotive force measurements in the solution o r  
potassium ferricyanide as an  outside indicator. Most 
excellent results may be obtained using the  electro- 
motive force titrations, bu t  they take more t ime t h a n  
the  better-known spot plate method and were used in 
this work only for standardizations. 
In  tests upon solutions of known composition t h e  
percentages of cobalt, molybdenum, and chromium 
checked within t h e  limits of experimental error. T h e  
following table shows the  results of a series of analyses 
made on samples of metal obtained by the  alumino- 
thermic reduction of a mixture of 2 0  g. each of Co~04,  
Cr203, Mooa,  and A1 powder. 
SAMPLE No. 1 2 3 4 5 AVERAGE 
Molybdenum . . . . . . . . . .  41.40 41.05 41.07 42.27 (41.79) 41.52 
Cobalt . . . . . . . . . . . . . .  50.30 51.63 (50.89) 50.66 51.00 50.89, 
Chromium . . . . . . . . . . . . .  7.63 7 . 6 9  7 .59  7 .16  7.75 7 .56  __ 
TOTAL, . . . . . . . . . .  99.97 
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Since alloys containing 90 or more per cent of‘ 
aluminium are practically insoluble in nitric acid, 
the usual ,procedure for analysis has been t o  dis- 
solve the  alloy in aqua regia, fume out the  hydra- 
